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Description

[0001] This invention relates to a converter and to a
parallel-connected converter assembly, preferably for
use in high voltage direct current transmission and reac-
tive power compensation.

[0002] In powertransmission networks alternating cur-
rent (AC) power is typically converted to direct current
(DC) power for transmission via overhead lines and/or
under-sea cables. This conversion removes the need to
compensate for the AC capacitive load effects imposed
by the transmission line or cable and reduces the cost
per kilometre of the lines and/or cables, and thus be-
comes cost-effective when power needs to be transmit-
ted over a long distance.

[0003] Converters are used to convert between AC
power and DC power

[0004] Prior-art document EP 2 727 234 B1 discloses
an Alternate Arm AC-DC Converter.

[0005] Accordingtoafirstaspectoftheinvention,there
is provided a converter comprising first and second DC
terminals connectable in use to a DC network, the con-
verter including a converter limb extending between the
DC terminals, the converter limb including first and sec-
ond limb portions separated by an AC terminal, the AC
terminal connectable in use to an AC voltage, each limb
portion including at least one director switch connected
in series with a waveform synthesizer between the AC
terminal and a respective one of the first and second DC
terminals, the waveform synthesizers operable to control
the modulation of an AC voltage waveform at the AC
terminal, each director switch operable to switch the re-
spective waveform synthesizer into and out of circuit be-
tween the respective DC terminal and the AC terminal;
and

a controller programmed to selectively control the
switching of the director switches to switch both of
the limb portions into circuit concurrently to form a
current conduction path between the DC terminals,
the current conduction path configured to carry a cur-
rent for presentation to the DC network,

wherein the controller is programmed to selectively
operate the waveform synthesizers to inject at least
one harmonic component to modulate the AC volt-
age waveform at the AC terminal so that during the
formation of the current conduction path the magni-
tude of the modulated AC voltage waveform is lower
than the magnitude of the fundamental component
of the AC voltage waveform, and wherein the at least
one harmonic component is a non-triplen harmonic
component.

[0006] The at least one harmonic component may be
an odd-numbered and non-triplen harmonic component.
Preferably the at least one harmonic component is se-
lected from a group including 5th, 7th, 11th_ 13th 17th 1gth

10

15

20

25

30

35

40

45

50

55

and 2314 harmonic components.

[0007] The formation of the current conduction path in
the converter permits the flow of a current between the
DC terminals via the converter limb with the limb portions
switched into circuit concurrently. In use, the current may
be employed to modify the harmonic characteristics of
the converter and/or the DC network. This advanta-
geously obviates the need for separate hardware to mod-
ify the harmonic characteristics of the converter and/or
the DC network, thus providing savings in terms of cost,
weight and footprint.

[0008] For example, the current conduction path may
be configured to carry an alternating current for presen-
tation to the DC network. Alternating current can, for ex-
ample, be used to suppress ripple in the DC network.
The alternating current in the current conduction path
may, for example, be shaped to minimise or cancel a
ripple currentinthe DC network. This allows the converter
to act as an active DC filter, thus reducing or obviating
the need to use separate passive and/or active filtering
hardware.

[0009] By modulating the AC voltage waveform at the
AC terminal via the injection of the at least one harmonic
component, itbecomes possible to reduce the magnitude
of the modulated AC voltage waveform in comparison to
the magnitude of the fundamental component of the AC
voltage waveform during the formation of the current con-
duction path. This in turn beneficially permits a reduction
in the voltage rating of each waveform synthesizer, which
allows optimisation of the number of components of the
waveform synthesizers in order to provide savings in
terms of cost, weight and footprint of the converter and
improve the efficiency of the converter.

[0010] In an exemplary operation of the converter to
transfer power between AC and DC networks, the flow
of current in the converter may alternate between the
limb portions over a duty cycle such that one limb portion
is configured in a conducting state while the other limb
portion is configured in a non-conducting state. The con-
troller may therefore be programmed to selectively con-
trol the switching of the director switches to switch both
of the limb portions into circuit concurrently to form the
current conduction path in the converter during a transi-
tion between the conducting and non-conducting states
of each limb portion.

[0011] The or each waveform synthesizer may be a
voltage waveform synthesizer or a current waveform syn-
thesizer.

[0012] The oreachharmonic componentmay be ahar-
monic voltage component or a harmonic current compo-
nent. In the case of the harmonic voltage component, the
controller may be programmed to selectively operate the
waveform synthesizers to inject at least one harmonic
voltage component to modulate the AC voltage waveform
at the AC terminal. In the case of the harmonic current
component, the controller may be programmed to selec-
tively operate the waveform synthesizers to inject at least
one harmonic current component which in turn results in
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the generation of one or more corresponding harmonic
voltage components to modulate the AC voltage wave-
form at the AC terminal.

[0013] The converter may include a plurality of con-
verter limbs, each converter limb extending between the
DC terminals, the AC terminal of each converter limb
being connectable in use to a respective phase of a multi-
phase AC voltage.

[0014] When the converter includes a plurality of con-
verter limbs, the controller may be further programmed
to selectively control the switching of the director switch-
es of each of the plurality of converter limbs to switch
both of the corresponding limb portions into circuit con-
currently to form a respective current conduction path in
the converter. The controller may be further programmed
to selectively control the switching of the director switch-
es of the plurality of converter limbs to form the respective
current conduction paths at respective different times in
the operating cycle of the converter. The formation of
different current conduction paths at different times is
compatible with the multi-phase operation of the plurality
of converter limbs to interconnect a multi-phase AC volt-
age and a DC voltage.

[0015] In a preferred embodiment of the invention,
each waveform synthesizer may be or may include a
chain-link converter. A given chain-link converter may
include a plurality of modules (e.g. a plurality of series-
connected modules), each module including at least one
switching element and at least one energy storage de-
vice, the or each switching element and the or each en-
ergy storage device in each module arranged to be com-
binable to selectively provide a voltage source. The in-
vention is particularly beneficial in that it permits optimi-
sation of the number of switching elements in the plurality
of modules of a given chain-link converter.

[0016] Thesstructure ofthe chain-link converter permits
build-up of a combined voltage across the chain-link con-
verter, which is higher than the voltage available from
each of its individual modules, via the insertion of the
energy storage devices of multiple modules, each pro-
viding its own voltage, into the chain-link converter. In
this manner, switching of the or each switching element
in each module causes the chain-link converter to provide
a stepped variable voltage source, which permits the
generation of a voltage waveform across the chain-link
converter using a step-wise approximation.

[0017] A given director switch or switching element
may include at least one self-commutated switching de-
vice. The or each self-commutated switching device may
be an insulated gate bipolar transistor, a gate turn-off
thyristor, a field effect transistor, an injection-enhanced
gate transistor, an integrated gate commutated thyristor,
a gas tube switch, or any other self-commutated switch-
ing device. The number of switching devices in the given
director switch or switching element may vary depending
on the required voltage and current ratings of that director
switch or switching element.

[0018] The given director switch or switching element
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may further include a passive current check element that
is connected in anti-parallel with the or each switching
device.

[0019] The oreach passive currentcheck element may
include at least one passive current check device. The
or each passive current check device may be any device
that is capable of limiting current flow to only one direc-
tion, e.g. a diode. The number of passive current check
devices in each passive current check element may vary
depending on the required voltage and current ratings of
that passive current check element.

[0020] A given energy storage device may be any type
of energy storage device that is capable of releasing and
storing energy to provide a voltage, such as a capacitor,
fuel cell, or a battery.

[0021] Each chain-link converter may include at least
one first module. The or each first module may include
at least one switching element and at least one energy
storage device. The or each switching element and the
or each energy storage device in the or each first module
may be arranged to be combinable to selectively provide
a unidirectional voltage source. An exemplary first mod-
ule may include a pair of switching elements connected
in parallel with an energy storage device in a half-bridge
arrangement to define a 2-quadrant unipolar module that
can provide zero or positive voltage and can conduct
current in both directions.

[0022] Each chain-link converter may further include
at least one second module. The or each second module
may include at least one switching element and at least
one energy storage device. The or each switching ele-
ment and the or each energy storage device in the or
each second module may be arranged to be combinable
to selectively provide a bidirectional voltage source. An
exemplary second module may include two pairs of
switching elements connected in parallel with an energy
storage device in a full-bridge arrangement to define a
4-quadrant bipolar module that can provide negative, ze-
ro or positive voltage and can conduct current in both
directions.

[0023] The inclusion of the or each second module in
each chain-link converter enables the converter to control
the AC voltage waveform at the AC terminal to have peak
voltages that are respectively higher in magnitude than
the DC voltages at the DC terminals. In addition the
number of second modules in each chain-link converter
may be defined to provide the converter with DC fault
blocking capability.

[0024] In embodiments of the invention, the controller
may be further programmed to selectively operate the
waveform synthesizers to inject one or more zero phase
sequence triplen harmonic components to modulate the
AC voltage waveform at the AC terminal so that the peak
voltage of the modulated AC voltage waveform is lower
in magnitude than the peak voltage of the fundamental
component of the AC voltage waveform.

[0025] By reducing the peak voltage of the modulated
AC voltage waveform to be lower than the peak voltage
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of the fundamental component of the AC voltage wave-
form, it becomes possible to not only reduce the voltage
ratings of the director switches and waveform synthesiz-
ers so as to permit optimisation of the number of com-
ponents of the director switches and waveform synthe-
sizers to provide savings in terms of cost, weight and
footprint of the converter and improve the efficiency of
the converter, but also reduce voltage stress on an as-
sociated transformer to permit a reduction in the insula-
tion class of the transformer and a reduction in clearance
distance which enables a more compact station layout
to be achieved.

[0026] According to a second aspect of the invention,
there is provided a parallel-connected converter assem-
bly comprising first and second converters, wherein ei-
ther or each of the first and second converters is in ac-
cordance with the converter of the invention as described
hereinabove with respect to the first aspect of the inven-
tion and its embodiments, the parallel-connected con-
verter assembly including first and second DC transmis-
sion media, the first and second DC transmission media
respectively including first and second DC network ter-
minals connectable in use to a DC network, the first DC
transmission medium interconnecting the first DC termi-
nals of the first and second converters, the second DC
transmission medium interconnecting the second DC ter-
minals of the first and second converters.

[0027] Inuse,the parallel-connected converter assem-
bly is operated to transfer power between AC and DC
networks. When compared to a single converter, a par-
allel-connected converter assembly is compatible with
higher current ratings at higher power ratings (e.g.
1000MW or higher).

[0028] The aforementioned cost, weight and footprint
savings and improvement in the efficiency of the convert-
er of the invention as a result of reducing the magnitude
of the modulated AC voltage waveform in comparison to
the magnitude of the fundamental component of the AC
voltage waveform during the formation of the current con-
duction path is beneficial when applied to a parallel-con-
nected converter assembly which comprises two con-
verters connected in parallel.

[0029] In embodiments of the invention, the AC termi-
nal of the first converter may be connected to a first AC
voltage, the AC terminal of the second converter may be
connected to a second AC voltage, and the first and sec-
ond AC voltages may be configured to be phase shifted
relative to each other.

[0030] In such embodiments, the first and second AC
voltages may be configured to be phase shifted relative
to each other so that, in use, atleastone harmonic current
component appearing at an AC side of the first converter
is in anti-phase with at least one harmonic current com-
ponent appearing at an AC side of the second converter
such that the harmonic current components cancel each
other out, wherein the appearance of each harmonic cur-
rent component at the AC side of the corresponding con-
verter is caused by the operation of the waveform syn-
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thesizers to inject the at least one harmonic component
to modulate the AC voltage waveform at the AC terminal
of the corresponding converter. Cancelling the harmonic
current components in this manner prevents the harmon-
ic current components from adversely affecting an AC
network voltage connected to the AC sides of the con-
verters.

[0031] In further such embodiments, the first and sec-
ond AC voltages may be operatively linked to an AC net-
work voltage, the parallel-connected converter assembly
may further include a transformer assembly configured
to connect the AC network voltage to both of the first and
second AC voltages, and the transformer assembly may
be configured so that the first and second AC voltages
are phase shifted relative to each other.

[0032] The provision of the transformer assembly pro-
vides a reliable way of phase shifting the firstand second
AC voltages to cancel the harmonic current components
arising from the operation of the waveform synthesizers
toinjectthe atleast one harmonic componentto modulate
the AC voltage waveform at the AC terminal of each con-
verter while providing galvanic isolation between the AC
network voltage and both of the first and second AC volt-
ages.

[0033] Inanexemplary configuration of the transform-
er assembly, the transformer assembly may be config-
ured in an arrangement in which a primary winding of the
transformer assembly is connected to the AC network
voltage, a star-connected secondary winding of the trans-
former assembly is connected to one of the first and sec-
ond AC voltages, and adelta-connected secondary wind-
ing of the transformer assembly is connected to the other
of the first and second AC voltages.

[0034] The provision of the star-connected and delta-
connected secondary windings provide a reliable means
of phase shifting the first and second AC voltages relative
to each other to achieve the desired cancellation of the
harmonic current components arising from the operation
of the waveform synthesizers to inject the at least one
harmonic component to modulate the AC voltage wave-
form at the AC terminal of each converter.

[0035] It will also be appreciated that the use of the
terms "first" and "second", and the like, in this patent
specification is merely intended to help distinguish be-
tween similar features (e.g. the first and second DC ter-
minals, the first and second modules, and so on), and is
not intended to indicate the relative importance of one
feature over another feature, unless otherwise specified.
[0036] Preferred embodiments of the invention will
now be described, by way of non-limiting examples, with
reference to the accompanying drawings in which:

Figure 1 shows schematically an alternate arm con-
verter according to a first embodiment of the inven-
tion;

Figures 2 and 3 show schematically exemplary
chain-link converter modules;
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Figure 4 illustrates a modulated AC voltage wave-
form atan AC terminal of the alternate arm converter
of Figure 1;

Figure 5 shows schematically a parallel-connected
converter assembly according to a second embodi-
ment of the invention;

Figures 6 and 7 illustrate variations in phase voltage
and currentwaveforms in the primary and secondary
windings of the transformer assembly of the parallel-
connected converter assembly of Figure 5; and

Figure 8 shows schematically a parallel-connected
converter assembly according to a third embodiment
of the invention.

[0037] An alternate arm converter according to a first
embodiment of the invention is shown in Figure 1 and is
designated generally by the reference numeral 30.
[0038] The converter 30 includes first and second DC
terminals 32,34 and a plurality of converter limbs 36.
Each converter limb 36 extends between the DC termi-
nals 32,34, and includes first and second limb portions
separated by a respective AC terminal 38. In each con-
verter limb 36, the first limb portion extends between the
first DC terminal 32 and the AC terminal 38, while the
second limb portion extends between the second DC ter-
minal 34 and the AC terminal 38.

[0039] In use, the first and second DC terminals 32,34
are connected to respective DC voltages of a DC network
40, while each AC terminal 38 is connected to a respec-
tive phase of a three-phase AC voltage that is in turn
linked to a three-phase AC network 42.

[0040] Each limb portion includes a director switch 44
connected in series with a chain-link converter 46 be-
tween the AC terminal 38 and a respective one of the
first and second DC terminals 32,34.

[0041] Each director switch 44 includes a plurality of
series-connected insulated gate bipolar transistors (1G-
BT), which is represented in Figure 1 by a single IGBT.
It is envisaged that, in other embodiments of the inven-
tion, each plurality of series-connected IGBTs in each
director switch 44 may be replaced by a single IGBT.
[0042] The configuration of the limb portions in this
manner means that, in use, the director switch 44 of each
limb portion is switchable to switch the respective limb
portion and therefore the respective chain-link converter
46 into and out of circuit between the respective AC and
DC terminals 38,32,34.

[0043] Eachchain-link converter 46 includes a plurality
of series-connected modules, which are in the form of a
combination of firstand second modules 48a,48b. Figure
2 shows schematically the structure of each first module
48a, and Figure 3 shows schematically the structure of
each second module 48b.

[0044] Each first module 48a includes a pair of switch-
ing elements 50 and a capacitor 52 in a half-bridge ar-
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rangement. The pair of switching elements 50 are con-
nected in parallel with the capacitor 52 in a half-bridge
arrangement to define a 2-quadrant unipolar module that
can provide zero or positive voltage and can conduct
current in both directions.

[0045] Each second module 48b includes two pairs of
switching elements 50 and a capacitor 52 in a full-bridge
arrangement. The two pairs of switching elements 50 are
connected in parallel with the capacitor 52 in a full-bridge
arrangement to define a 4-quadrant bipolar module that
can provide negative, zero or positive voltage and can
conduct current in both directions.

[0046] Each switching element 50 includes an IGBT
that is connected in parallel with an anti-parallel diode. It
is envisaged that, in other embodiments of the invention,
each single IGBT in each switching element 50 may be
replaced by a plurality of series-connected IGBTSs.
[0047] Itis also envisaged that, in other embodiments
of the invention, each IGBT or multiple series-connected
IGBTs may be replaced by a gate turn-off thyristor, a field
effect transistor, an injection-enhanced gate transistor,
an integrated gate commutated thyristor, a gas tube
switch, or any other self-commutated semiconductor de-
vice. It is also envisaged that, in other embodiments of
the invention, each diode may be replaced by a plurality
of series-connected diodes.

[0048] The capacitor 52 of each module 48a,48b is se-
lectively bypassed or inserted into the corresponding
chain-link converter 46 by changing the states of the
switching elements 50. This selectively directs current
through the capacitor 52 or causes current to bypass the
capacitor 52, so that each first module 48a is able to
provide a zero or positive voltage and so that each sec-
ond module 48b is able to provide a negative, zero or
positive voltage.

[0049] The capacitor 52 of a given module 48a,48b is
bypassed when the switching elements 50 in the module
48a,48b are configured to form a short circuit in the mod-
ule 48a,48b, whereby the short circuit bypasses the ca-
pacitor 52. This causes current in the corresponding
chain-link converter 46 to pass through the short circuit
and bypass the capacitor 52, and so the module 48a,48b
provides a zero voltage, i.e. the module 48a,48b is con-
figured in a bypassed mode.

[0050] The capacitor 52 of a given module 48a,48b is
inserted into the corresponding chain-link converter 46
when the switching elements 50 in the module 48a,48b
are configured to allow the current in the corresponding
chain-link converter 46 to flow into and out of the capac-
itor 52. The capacitor 52 then charges or discharges its
stored energy so as to provide a non-zero voltage, i.e.
the module 48a,48b is configured in a non-bypassed
mode. In the case of each second module 48b, the full-
bridge arrangement permits configuration of the switch-
ing elements 50 in the second module 48b to cause cur-
rent to flow into and out of the capacitor 52 in either di-
rection. This in turn means that each second module 48b
can be configured to be inserted into the corresponding
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chain-link converter 46 to provide a negative or positive
voltage in the non-bypassed mode.

[0051] In this manner, the switching elements 50 in
each module 48a,48b are switchable to control flow of
current through the corresponding capacitor 52.

[0052] It is possible to build up a combined voltage
across each chain-link converter 46, which is higher than
the voltage available from each of its individual modules
48a,48b, via the insertion of the capacitors 52 of multiple
modules 48a,48b, each providing its own voltage, into
each chain-link converter 46. In this manner, switching
of the switching elements 50 in each module 48a,48b
causes each chain-link converter 46 to provide a stepped
variable voltage source, which permits the generation of
a voltage waveform across each chain-link converter 46
using a step-wise approximation. Hence, the switching
elements 50 in each chain-link converter 46 are switch-
able to selectively permit and inhibit flow of current
through the corresponding capacitor 52 in order to control
a voltage across the corresponding chain-link converter
46.

[0053] It is envisaged that, in other embodiments of
the invention, each module 48a,48b may be replaced by
another type of module, which includes at least one
switching element and at least one energy storage de-
vice, the or each switching element and the or each en-
ergy storage device in each module being arranged to
be combinable to selectively provide a voltage source.
[0054] It is envisaged that, in other embodiments of
the invention, the capacitor 52 in each module 48a,48b
may be replaced by another type of energy storage de-
vice which is capable of storing and releasing energy to
selectively provide a voltage, e.g. a battery or a fuel cell.
[0055] Each limb portion further includes a valve reac-
tor 54 connected in series with the corresponding director
switch 44 and chain-link converter 46.

[0056] The converter 30 further includes a controller
56 programmed to control the switching of the director
switches 44 and the switching elements 50 of the chain-
link converters 46 in the limb portions.

[0057] In order to transfer power between the AC and
DC networks 42,40, the controller 56 controls the switch-
ing of the director switches 44 to switch the respective
chain-link converters 46 into and out of circuit between
the respective AC and DC terminals 38,32,34 to inter-
connect the AC and DC networks 42,40. When a given
chain-link converter 46 is switched into circuit between
the respective AC and DC terminals 38,32,34, the con-
troller 56 switches the switching elements 50 of the mod-
ules 48a,48b of the given chain-link converter 46 to pro-
vide a stepped variable voltage source and thereby gen-
erate a voltage waveform so as to control the configura-
tion of an AC voltage waveform at the corresponding AC
terminal 38 to facilitate the transfer of power between the
AC and DC networks 42.,40.

[0058] To generate a positive AC voltage component
of an AC voltage waveform at the AC terminal 38 of a
given converter limb 36, the director switch 44 of the first
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limb portion is closed (to switch the chain-link converter
46 connected in series therewith into circuit between the
first DC terminal 32 and the corresponding AC terminal
38) and the director switch 44 of the second limb portion
is opened (to switch the chain-link converter 46 connect-
ed in series therewith out of circuit between the second
DC terminal 34 and the corresponding AC terminal 38).
[0059] To generate a negative AC voltage component
of an AC voltage waveform at the AC terminal 38 of a
given converter limb 36, the director switch 44 of the sec-
ond limb portion is closed (to switch the chain-link con-
verter 46 connected in series therewith into circuit be-
tween the second DC terminal 34 and the corresponding
AC terminal 38) and the director switch 44 of the first limb
portion is opened (to switch the chain-link converter 46
connected in series therewith out of circuit between the
first DC terminal 32 and the corresponding AC terminal
38).

[0060] When a given converter limb 36 transitions be-
tween the corresponding positive and negative AC volt-
age components, the controller 56 controls the switching
of the corresponding director switches 44 to switch both
of the corresponding limb portions into circuit concurrent-
ly to form a current conduction path in the converter 30.
At the same time the chain-link converters 46 are oper-
ated to inject a controlled alternating current into the cur-
rent conduction path for presentation to the DC network
40.

[0061] In use, the current may be employed to modify
the harmonic characteristics of the converter 30 and/or
the DC network 40. The alternating currentin the current
conduction path may, for example, be shaped to mini-
mise or cancel a ripple currentin the DC network 40. This
allows the converter 30 to act as an active DC filter, thus
reducing or obviating the need to use separate passive
and/or active filtering hardware.

[0062] The controller 56 controls the switching of the
director switches 44 of the plurality of converter limbs 36
to form the respective current conduction paths at re-
spective different times in the operating cycle of the con-
verter 30 in line with the operation of the converter 30 to
transfer power between the AC and DC networks 42,40.
[0063] During the formation of the current conduction
path in a given converter limb 36, the controller 56 se-
lectively operates the chain-link converters 46 to inject
at least one harmonic voltage component to modulate
the AC voltage waveform at the AC terminal 38 so as to
cause a reduction 62 in the magnitude of the modulated
AC voltage waveform 60 in comparison to the magnitude
of the fundamental component 58 of the AC voltage
waveform. In this embodiment, the or each harmonic volt-
age component is preferably selected from a group in-
cluding 5th and 7t harmonic voltage components.
[0064] It is envisaged that, in other embodiments of
the invention, the controller 56 may be programmed to
selectively operate the chain-link converters 46 to inject
at least one harmonic current component which in turn
results in the generation of one or more corresponding
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harmonic voltage components to modulate the AC volt-
age waveform at each AC terminal 38. In such embodi-
ments, the chain-link converters 46 may be operated to
control the voltages across the respective valve reactors
54 to inject the or each harmonic current component.
[0065] By reducing the magnitude of the modulated
AC voltage waveform 60 in comparison to the magnitude
of the fundamental component 58 of the AC voltage
waveform during the formation of the current conduction
path, it becomes possible to reduce the voltage rating of
each chain-link converter 46, which in turn allows opti-
misation of the number of components of each chain-link
converter 46 in order to provide savings in terms of cost,
weight and footprint of the converter 30 and improve the
efficiency of the converter 30. In particular, the reduction
in voltage rating of each chain-link converter 46 allows a
corresponding reduction in the number of modules
48a,48b.

[0066] The inclusion of the second modules 48b in
each chain-link converter 46 enables the converter 30 to
control the AC voltage waveform at each AC terminal 38
to have peak voltages that are respectively higherinmag-
nitude than the DC voltages at the DC terminals 32,34.
The number of second modules 48b in each chain-link
converter 46 may be defined to provide the converter 30
with full or partial DC fault blocking capability in order to
permit the operation of the converter 30 to prevent a fault
current from flowing through the converter 30 in the event
of a DC fault in the DC network 40.

[0067] The respective numbers of first and second
modules 48a,48b in each chain-link converter 46 de-
pends on the required DC fault blocking capability of the
converter 30. If the converter 30 is not required to have
DC fault blocking capability, then the number of second
modules 48b in each chain-link converter 46 only needs
to be sufficient to enable the control of the AC voltage
waveform at each AC terminal 38 to have peak voltages
that are respectively higher in magnitude than the DC
voltages at the DC terminals 32,34. This thereby permits
a reduction in the number of second modules 48b and a
corresponding increase in the number of first modules
48a, which provides overall savings in the number of
module components in each chain-link converter 46.
[0068] The controller 56 further operates the chain-link
converters 46 to inject one or more zero phase sequence
triplen harmonic components to modulate the AC voltage
waveform ateach AC terminal 38 so that the peak voltage
of the modulated AC voltage waveform 60 is lower in
magnitude than the peak voltage of the fundamental
component 58 of the AC voltage waveform. The injection
of the or each zero phase sequence triplen harmonic
components may be carried out through the operation of
the chain-link converters to inject one or more zero phase
sequence triplen harmonic voltage components.

[0069] By reducing 64 the peak voltage of the modu-
lated AC voltage waveform 60 to be lower than the peak
voltage of the fundamental component 58 of the AC volt-
age waveform, it becomes possible to reduce the voltage
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rating of the director switches 44 and chain-link convert-
ers 46 so as to permit optimisation of the number of com-
ponents of the director switches 44 and chain-link con-
verters 46 to provide savings in terms of cost, weight and
footprint of the converter 30 and improve the efficiency
of the converter 30. In particular the reduction in voltage
rating of each chain-link converter 46 allows a corre-
sponding reduction in the number of second modules
48b required to control the AC voltage waveform at the
corresponding AC terminal 38 to have peak voltages that
are respectively higher in magnitude than the DC voltag-
es at the DC terminals 32,34.

[0070] Additionally, by reducing 64 the peak voltage of
the modulated AC voltage waveform 60 to be lower than
the peak voltage of the fundamental component 58 of
the AC voltage waveform, it becomes possible to reduce
voltage stress on an associated transformer to permit a
reduction in the insulation class of the transformer and a
reduction in clearance distance which enables a more
compact station layout to be achieved.

[0071] Figure 4 shows schematically a modulated AC
voltage waveform 60 atan AC terminal 38 of the alternate
arm converter 30 of Figure 1. It can be seen from Figure
4 that there is a reduction 62 in the magnitude of the
modulated AC voltage waveform 60 in comparison to the
magnitude of the fundamental component 58 of the AC
voltage waveform during the formation of the current con-
duction path. It can also be seen from Figure 4 that the
peak voltage of the modulated AC voltage waveform 60
is lower than the peak voltage of the fundamental com-
ponent 58 of the AC voltage waveform.

[0072] It is envisaged that, in other embodiments of
the invention, each chain-link converter 46 may be re-
placed by a different voltage waveform synthesizer ca-
pable of controlling the modulation of the AC voltage
waveform at the corresponding AC terminal 38.

[0073] A parallel-connected converter assembly ac-
cording to a second embodiment of the invention is
shown in Figure 5 and is designated generally by the
reference numeral 66.

[0074] The parallel-connected converter assembly 66
comprises first and second converters 130a,130b, each
of which is similar in structure and operation to the alter-
nate arm converter 30 of Figure 1. The parallel-connect-
ed converter assembly 66 further includes first and sec-
ond DC transmission media 68,70 and a transformer as-
sembly 72.

[0075] The first DC transmission medium 68 intercon-
nects the first DC terminals 32 of the converters
130a,130b, while the second DC transmission medium
70 interconnects the second DC terminals 34 of the con-
verters 130a,130b. A first DC network terminal 74 is de-
fined in the first DC transmission medium 68, a second
DC network terminal 76 is defined in the second DC trans-
mission medium 70, and the first and second DC network
terminals 74,76 are connected in use to respective DC
voltages of a DC network 40.

[0076] The transformer assembly 72 includes a star-
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connected primary winding, a star-connected secondary
winding, and a delta-connected secondary winding. More
specifically, the primary winding of the transformer as-
sembly 72 is connected to an AC network voltage 78 of
the AC network 42, the star-connected secondary wind-
ing of the transformer assembly 72 is connected to a first
AC voltage 80 at the AC side of the first converter 130a,
and the delta-connected secondary winding of the trans-
former assembly 72 is connected to a second AC voltage
82 at the AC side of the second converter 130b. The use
of the delta-connected secondary winding with the star-
connected primary winding results in a 30 electrical de-
grees phase shift between the first and second AC volt-
ages 80,82 relative to each other, as shown in Figure 5.
[0077] Inuse,the parallel-connected converter assem-
bly 66 is operated to transfer power between AC and DC
networks 42,40. When compared to a single converter,
a parallel-connected converter assembly 66 is compati-
ble with higher current ratings at higher power ratings
(e.g. 1000MW or higher). Meanwhile each current con-
duction path may be formed in the respective converter
130a,130b during the operation of the parallel-connected
converter assembly 66 to transfer power between the AC
and DC networks 42,40, without significantly affecting
the overall power transfer between the AC and DC net-
works 42,40.

[0078] The aforementioned cost, weight and footprint
savings and improved efficiency as described herein-
above with reference to the converter 30 of Figure 1 is
beneficial when applied to the parallel-connected con-
verter assembly 66 of Figure 5 which comprises two con-
verters 130a,130b connected in parallel.

[0079] As a result of the 30 electrical degrees phase
shift between the first and second AC voltages 80,82, at
least one harmonic current component appearing at an
AC side of the first converter 130a is in anti-phase with
at least one harmonic current component appearing at
an AC side of the second converter 130b such that the
harmonic current components cancel each other out
when the appearance of each harmonic current compo-
nent at the AC side of the corresponding converter
130a,130b is caused by the operation of the chain-link
converters 46 to inject the at least one harmonic voltage
component to modulate the AC voltage waveform at the
AC terminal 38 of the corresponding converter
130a,130b to be lower in magnitude in comparison to the
fundamental component 58 of the AC voltage waveform.
[0080] The provision ofthe 30 electrical degrees phase
shift between the first and second AC voltages 80,82
therefore allows each converter 130a,130b to inject the
or at least one harmonic voltage component to modulate
the AC voltage waveform at each AC terminal 38 to be
lower in magnitude in comparison to the fundamental
component 58 of the AC voltage waveform while the har-
monic current components injected by the respective
converters 130a,130b are cancelled by the transformer
assembly 72 and therefore would not be seen in the AC
lines directly connected to the AC network voltage 78.
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Cancelling the harmonic current components in this man-
ner prevents the harmonic current components from ad-
versely affecting the AC network voltage 78.

[0081] Figures 6 and 7 illustrate variations in phase
voltage and current waveforms 84,86,88,90,92,94 in the
primary and secondary windings of the transformer as-
sembly 72 of the parallel-connected converter assembly
66 of Figure 5. It can be seen from Figure 6 that the
application of a phase shift between the modulated phase
voltage waveforms 84,86 of the star-connected and del-
ta-connected secondary windings results in a substan-
tially harmonic-free sinusoidal phase voltage waveform
88 in the primary winding. Similarly it can be seen from
Figure 7 that the application of a phase shift between the
modulated phase voltage waveforms 84,86 of the star-
connected and delta-connected secondary windings
means that the associated harmonic current components
appearing in the phase current waveforms 90,92 of the
star-connected and delta-connected secondary wind-
ings do not appear in the phase current waveform 94 in
the primary winding.

[0082] As a result of the injection of the at least one
harmonic voltage component to modulate the AC voltage
waveform at the AC terminal 38 of the corresponding
converter 130a,130b to be lower in magnitude in com-
parison to the fundamental component 58 of the AC volt-
age waveform, circulating currents appear in the convert-
er 130a,130b such that the root square sum of the con-
verter current at unity powerfactor is increased by a small
percentage, e.g. 1%. The magnitude of the circulating
currents depend on the magnitude of the injected har-
monic voltage components as well as the transformer,
converter limb and converter leakage impedances. Also,
the circulating currents could become dominant during
operation of the converters 130a,130b.

[0083] On the other hand the circulating currents have
an almost negligible effect on the increase in current rat-
ing of the transformer. Although the circulating currents
lead to additional power losses in the converters
130a,130b, the additional power losses are outweighed
by the improvement in efficiency of the converters
130a,130b resulting from the aforementioned reduction
of number of converter components, in particular the re-
duction in the number of director switches 44 and switch-
ing elements 50 in the converters 130a,130b.

[0084] The parallel-connected converter assembly
may be configured to increase the number of channels
in order to permit the use of higher order harmonic com-
ponents.

[0085] Forexample, the transformer assembly may in-
clude a higher number of transformers connected in par-
allel with an appropriate vector group, with a correspond-
ing increase in the number of parallel-connected convert-
ers in the parallel-connected converter assembly. One
such configuration of the parallel-connected converter
assembly is described as follows.

[0086] A parallel-connected converter assembly ac-
cording to a third embodiment of the invention is shown
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in Figure 8 and is designated generally by the reference
numeral 96.

[0087] The parallel-connected converter assembly 96
of Figure 8 is similar in structure and operation to the
parallel-connected converter assembly 66 of Figure 5,
and like features share the same reference numerals.
The parallel-connected converter assembly 96 of Figure
8 differs from the parallel-connected converter assembly
66 of Figure 5 in that the parallel-connected converter
assembly 96 of Figure 8 has a 24-pulse configuration.
[0088] The parallel-connected converter assembly 96
comprises first, second, third and fourth converters
230a,230b,230c¢,230d, each of which is similar in struc-
ture and operation to the alternate arm converter 30 of
Figure 1. The parallel-connected converter assembly 96
further includes first and second DC transmission media
68,70 and a transformer assembly 172.

[0089] The first DC transmission medium 68 intercon-
nects the first DC terminals 32 of the converters
230a,230b,230¢,230d, while the second DC transmis-
sion medium 70 interconnects the second DC terminals
34 of the converters 230a,230b,230c¢,230d. A first DC
network terminal 74 is defined in the first DC transmission
medium 68, a second DC network terminal 76 is defined
in the second DC transmission medium 70, and the first
and second DC network terminals 74,76 are connected
in use to respective DC voltages of a DC network 40.
[0090] The transformer assembly 172 includes a star-
connected primary winding, afirst zigzag-connected sec-
ondary winding with a lagging angle of 15 electrical de-
grees, a second star-connected secondary winding, a
third zigzag-connected secondary winding with a leading
angle of 15 electrical degrees , and a fourth delta-con-
nected secondary winding. More specifically, the primary
winding of the transformer assembly 172 is connected
to an AC network voltage 78 of the AC network 42, the
first secondary winding of the transformer assembly 172
is connected to a first AC voltage 180 at the AC side of
the first converter 230a, the second star-connected sec-
ondary winding of the transformer assembly 172 is con-
nected to a second AC voltage 182 at the AC side of the
second converter 230b, the third secondary winding of
the transformer assembly 172 is connected to a third AC
voltage 184 at the AC side of the third converter 230c,
and the fourth delta-connected secondary winding of the
transformer assembly 172 is connected to a fourth AC
voltage 186 at the AC side of the fourth converter 230d.
The configuration of the primary and secondary windings
in this manner results in a 15 electrical degrees phase
shift between the first and second AC voltages 180,182,
a further 15 electrical degrees phase shift between the
second and third AC voltages 182,184, and a still further
15 electrical degrees phase shift between the third and
fourth AC voltages 184,186, such that there is a 30 elec-
trical degrees phase shift between the first and third AC
voltages 180,184 relative to each other and there is a 30
electrical degrees phase shift between the second and
fourth AC voltages 182,186 relative to each other, as
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shown in Figure 8.

[0091] Inuse,the parallel-connected converter assem-
bly 96 is operated to transfer power between AC and DC
networks 42,40. Meanwhile each current conduction
path may be formed in the respective converter
230a,230b,230c,230d during the operation of the paral-
lel-connected converter assembly 96 to transfer power
between the AC and DC networks 42,40, without signif-
icantly affecting the overall power transfer between the
AC and DC networks 42,40.

[0092] As a result of the phase shifts between the AC
voltages, the harmonic current components appearing
at the AC side of the converters 230a,230b,230¢,230d
are cancelled outwhen the appearance of each harmonic
current component at the AC side of the corresponding
converter 230a,230b,230¢,230d is caused by the oper-
ation of the chain-link converters 46 to inject the at least
one harmonic voltage component to modulate the AC
voltage waveform at the AC terminal 38 of the corre-
sponding converter 230a,230b,230¢,230d to be lower in
magnitude in comparison to the fundamental component
58 of the AC voltage waveform. In this embodiment, the
or each harmonic voltage component is selected from a
group including 11th and 13t harmonic voltage compo-
nents.

[0093] The provision of the phase shifts between the
AC voltages therefore allows each converter
230a,230b,230c,230d to inject the or at least one har-
monic voltage component to modulate the AC voltage
waveform at each AC terminal 38 to be lower in magni-
tude in comparison to the fundamental component 58 of
the AC voltage waveform while the harmonic current
components injected by the respective converters
230a,230b,230c,230d are cancelled by the transformer
assembly 172 and therefore would not be seen in the AC
lines directly connected to the AC network voltage 78.
Cancelling the harmonic current components in this man-
ner prevents the harmonic current components from ad-
versely affecting the AC network voltage 78.

[0094] It is envisaged that, in other embodiments of
the invention, each converter may include a different
number of converter limbs, wherein the AC terminal of
each converter limb is connectable to a respective phase
of a multi-phase AC voltage. It is further envisaged that,
in other embodiments of the invention, the converter may
include a single converter limb wherein the AC terminal
is connectable to a single-phase AC voltage.

[0095] It will be appreciated that the topology of each
converter 30,130a,130b,230a,230b,230c¢,230d in the
embodiments shown is merely chosen to help illustrate
the working of the invention, and may be replaced by
another type of converter topology.

[0096] It will be appreciated that each numerical value
given for the embodiment shown is merely chosen to help
illustrate the working of the invention, and may be re-
placed by another numerical value.
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Claims

1.

A parallel-connected converter assembly (66,96)
comprising a plurality of converters (30, 130a,
130b,230a,230b,230¢,230d), wherein a first one of
the converters (30, 130a, 130b,230a,230b,230c,
230d) comprises : first and second DC terminals
(32,34) connectable to a DC network (40), the first
one of the converters (30,130a,130b) including a
converter limb (36) extending between the DC ter-
minals (32,34), the converter limb (36) including first
and second limb portions separated by an AC termi-
nal (38), the AC terminal (38) connectable to an AC
network (78) each limb portion including at least one
director switch (44) connected in series with a wave-
form synthesizer (46) between the AC terminal (38)
and a respective one of the first and second DC ter-
minals (32,34), the waveform synthesizers operable
to control the modulation of an AC voltage waveform
at the AC terminal (38), each director switch (44)
operable to switch the respective waveform synthe-
sizer into and out of circuit between the respective
DC terminal (32,34) and the AC terminal (38), and a
controller (56) programmed to selectively control the
switching of the director switches (44) to switch both
of the limb portions into circuit concurrently to form
a current conduction path between the DC terminals
(32,34), the current conduction path configured to
carry a current for presentation to the DC network
(40),

wherein the controller (56) is programmed to selec-
tively operate the waveform synthesizers to inject at
least one harmonic component to modulate the AC
voltage waveform at the AC terminal (38) so that
during the formation of the current conduction path
the magnitude of the modulated AC voltage wave-
form (60) is lower than the magnitude of the funda-
mental component (58) of the AC voltage waveform,
and wherein the at least one harmonic component
is a non-triplen harmonic component

a second one of the converters being configured to
synthesize a waveform, which when combined in a
phase-shifting transformer arrangement (72, 172)
with the synthesized waveform of the first converter,
cancels said at least one harmonic component,
wherein

the parallel-connected converter assembly is config-
ured to operate with said phase-shifting transformer
arrangement, such that the fundamental component
(58) of the AC voltage waveforms output by said first
and second one of the converters is applied to a sec-
ondary side and phase shifted by said phase-shifting
transformer arrangement such that said at least one
harmonic component cancels on the primary side of
said phase-shifting transformer arrangement,

the parallel-connected converter assembly (66,96)
including first and second DC transmission media
(68,70), the first and second DC transmission media
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(68,70) respectively including first and second DC
network terminals (74,76) connectable in use to a
DC network (40), the first DC transmission medium
(68) interconnecting the first DC terminals (32) of the
converters (130a,130b,230a,230b,230¢,230d), the
second DC transmission medium (70) interconnect-
ing the second DC terminals (34) of the converters
(130a, 130b,230a,230b,230c,230d).

A parallel-connected converter assembly (66, 96)
according to Claim 1 wherein each AC terminal (38)
of the first one of the converters (130a,130b,230a,
230b,230¢,230d) is configured to be connected to a
respective AC terminal (38), i.e. a terminal of identi-
cal AC phase, of the second one of the converters,
via the secondary side of the phase-shifting trans-
former arrangement (72, 172), such that the AC volt-
ages of said respective AC terminals are phase shift-
ed relative to each other on the primary side of said
phase-shifting transformer arrangement.

A parallel-connected converter assembly (66,96) ac-
cording to Claim 2, wherein the parallel-connected
converter assembly is configured to operate the
phase-shifting transformer arrangement such that
the harmonic current components appearing for
each AC phase at the respective AC terminals (38)
of the AC sides of the converters (130a,130b,230a,
230b,230c¢,230d) cancel each other out for each AC
phase on the primary side of said phase-shifting
transformer arrangement, and wherein the appear-
ance of each harmonic current component at the AC
side of the corresponding converter (130a,130b,
230a,230b,230c¢,230d) is caused by the operation of
the waveform synthesizers to inject the at least one
harmonic component to modulate the AC voltage
waveform at the AC terminal (38) of the correspond-
ing converter (130a,130b,230a,230b,230c,230d).

A parallel-connected converter assembly (66,96) ac-
cording to Claim 2 or Claim 3 further comprising a
phase-shifting transformer arrangement (72, 172),
which is configured to connect the parallel converter
assembly (66, 96) to an AC network (78).

A parallel-connected converter assembly (66) ac-
cording to Claim 4 wherein the plurality of converters
includes the first one and the second one of the con-
verters (130,1, and wherein a primary winding of the
phase-shifting transformer arrangement (72,172) is
configured to be connected the AC network (78), a
star-connected secondary winding of the phase-
shifting transformer arrangement (72,172) is con-
nected to a first one of the converters, and a delta-
connected secondary winding of the phase-shifting
transformer arrangement (72,172) is connected to a
second one of the converters.
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A parallel-connected converter assembly (96) ac-
cording to Claim 4 wherein the plurality of converters
includes the first, the second, a third and a fourth
converter (230a,230b,230c,230d), wherein the pri-
mary winding of the phase-shifting transformer ar-
rangement (72,172) is configured to be connected
to the AC network (78), a first zigzag-connected sec-
ondary winding of the phase-shifting transformer ar-
rangement (72,172) is connected to the first convert-
er, a second star-connected secondary winding of
the phase-shifting transformer arrangement
(72,172) is connected to the second converter, a
third zigzag-connected secondary winding of the
phase-shifting transformer arrangement (72,172) is
connected to the third converter, and a fourth delta-
connected secondary winding of the phase-shifting
transformer arrangement (72,172) is connected to
the fourth converter.

A parallel-connected converter assembly (96) ac-
cording to any one of the preceding claims wherein
the atleast one harmonic componentis an odd-num-
bered and non-triplen harmonic component.

A parallel-connected converter assembly (96) ac-
cording to any one of the preceding claims wherein
the at least one harmonic component is selected
fromagroupincluding 5th, 7th, 11th, 13th, 17th, 19th,
and 23rd harmonic components.

A parallel-connected converter assembly (96) ac-
cording to any one of the preceding claims wherein
the or each harmonic component is a harmonic volt-
age component or a harmonic current component.

A parallel-connected converter assembly (96) ac-
cording to any one of the preceding claims wherein
the converter (30,130a,130b) includes a plurality of
converter limbs (36), each converter limb (36) ex-
tending between the DC terminals (32,34), the AC
terminal (38) of each converter limb (36) being con-
nectable in use to a respective phase of a multi-
phase AC voltage.

A parallel-connected converter assembly (96) ac-
cording to any one of the preceding claims wherein
each waveform synthesizer is or includes a chain-
link converter (46).

A parallel-connected converter assembly (96) ac-
cording to Claim 11 wherein each chain-link convert-
er (46) includes at least one first module (48a), the
or each first module (48a) including at least one
switching element (50) and at least one energy stor-
age device (52), the or each switching element (50)
and the or each energy storage device (52) in the or
each first module (48a) configured to selectively pro-
vide a unidirectional voltage source.
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13. A parallel-connected converter assembly (96) ac-

cording to Claim 12 wherein each chain-link convert-
er (46) further includes at least one second module
(48b), the or each second module (48b) including at
least one switching element (50) and at least one
energy storage device (52), the or each switching
element (50) and the or each energy storage device
(52) in the or each second module (48b) configured
to selectively provide a bidirectional voltage source.

14. A parallel-connected converter assembly (96) ac-

cording to any one of the preceding claims wherein
the controller (56) is further programmed to selec-
tively operate the waveform synthesizers to inject
one or more zero phase sequence triplen harmonic
components to modulate the AC voltage waveform
at the AC terminal (38) so that the peak voltage of
the modulated AC voltage waveform (60) is lower in
magnitude than the peak voltage of the fundamental
component (58) of the AC voltage waveform.

Patentanspriiche

1.

Parallel geschaltete Wandleranordnung (66, 96),
umfassend eine Vielzahl von Wandlern (30, 130a,
130b, 230a, 230b, 230c, 230d), wobei ein erster der
Wandler (30, 130a, 130b, 230a, 230b, 230c, 230d)
erste und zweite DC-Anschlisse (32, 34) umfasst,
die mit einem DC-Netzwerk (40) verbunden werden
kénnen, wobei der erste der Wandler (30, 130a,
130b) ein Wandlerglied (36) einschlielt, das sich
zwischen den DC-Anschlissen (32, 34) erstreckt,
wobei das Wandlerglied (36) erste und zweite Glie-
dabschnitte einschlie3t, die durch einen AC-An-
schluss (38) getrennt sind, wobei der AC-Anschluss
(38) mit einem Netzwerk (78) verbunden werden
kann, wobei jeder Gliedabschnitt mindestens einen
Lenkschalter (44) einschlielt, derin Reihe mit einem
Wellenformsynthetisierer (46) zwischen dem AC-
Anschluss (38) und einem der jeweiligen ersten und
zweiten DC-Anschlisse (32, 34) geschaltet ist, wo-
bei die Wellenformsynthetisierer betrieben werden
kénnen, um die Modulation einer AC-Spannungs-
wellenform am AC-Anschluss (38) zu steuern, wobei
jeder Lenkschalter (44) betrieben werden kann, um
den jeweiligen Wellenformsynthetisierer zwischen
den jeweiligen Schaltkreisen in dem Schaltkreis zwi-
schen dem DC-Anschluss (32, 34) und AC-An-
schluss (38) ein- und auszuschalten, und eine Steu-
erung (56), die programmiert ist, um das Schalten
der Lenkschalter (44) selektiv zu steuern, um beide
Gliedabschnitte gleichzeitig in einen Schaltkreis zu
schalten, um einen Stromleitungspfad zwischen den
DC-Anschlissen (32, 34) zu bilden, wobei der
Stromleitungspfad konfiguriert ist, um einen Strom
zur Vorlage an das DC-Netzwerk (40) zu fihren,

wobei die Steuerung (56) programmiert ist, um se-
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lektiv die Wellenformsynthetisierer zu betreiben, um
mindestens eine harmonische Komponente zu inji-
zieren, um die AC-Spannungswellenform am AC-
Anschluss (38) so zu modulieren, dass wahrend der
Bildung des Stromleitungspfades die Gro3e der mo-
dulierten AC-Spannungswellenform (60) niedriger
als die GroRe der Grundkomponente (58) der AC-
Spannungswellenform ist, und wobei die mindes-
tens eine harmonische Komponente eine nicht drei-
fache harmonische Komponente ist, wobei ein zwei-
ter der Wandler konfiguriert ist, um eine Wellenform
zu synthetisieren, die, wenn sie in einer Phasenver-
schiebungs-Transformatoranordnung (72, 172) mit
der synthetisierten Wellenform des ersten Wandlers
kombiniert wird, die mindestens eine harmonische
Komponente aufhebt, wobei

die parallel geschaltete Wandleranordnung konfigu-
riert ist, um mit der Phasenverschiebungs-Transfor-
matoranordnung betrieben zu werden, so dass die
Grundkomponente (58) der AC-Spannungswellen-
formen, die von dem ersten und zweiten der Wandler
ausgegeben werden, an eine sekundare Seite an-
gelegt und durch die Phasenverschiebungs-Trans-
formatoranordnung phasenverschoben werden, so
dass die mindestens eine harmonische Komponente
auf der primaren Seite der Phasenverschiebungs-
Transformatoranordnung aufgehoben wird,

wobei die parallel geschaltete Wandleranordnung
(66, 96) ein erstes und ein zweites DC-Ubertra-
gungsmedium (68, 70) einschlief3t, wobei das erste
und zweite DC-Ubertragungsmedium (68, 70) je-
weils erste und zweite DC-Netzanschlisse (74, 76)
einschlielRen, die im Gebrauch mit einem DC-Netz-
werk (40) verbunden werden kénnen, wobei das ers-
te DC-Ubertragungsmedium (68) die ersten DC-An-
schlisse (32) der Wandler (130a, 130b, 230a, 230b,
230c, 230d) miteinander verschaltet, wobei das
zweite DC-Ubertragungsmedium (70) die zweiten
DC-Anschlisse (34)der Wandler (130a, 130b, 230a,
230b, 230c, 230d) miteinander verschaltet.

Parallel geschaltete Wandleranordnung (66, 96)
nach Anspruch 1, wobei jeder AC-Anschluss (38)
des ersten der Wandler (130a, 130b, 230a, 230b,
230c, 230d) konfiguriert ist, um mit einem jeweiligen
AC-Anschluss (38) verbunden zu werden, d. h. ei-
nem Anschluss mit identischer AC-Phase des zwei-
ten Wandlers, liber die sekundare Seite der Phasen-
verschiebungs-Transformatoranordnung (72, 172),
so dass die AC-Spannungen der jeweiligen AC-An-
schlliisse auf der primaren Seite der Phasenver-
schiebungs-Transformatoranordnung relativ zuein-
ander phasenverschoben sind.

Parallel geschaltete Wandleranordnung (66, 96)
nach Anspruch 2, wobei die parallel geschaltete
Wandleranordnung konfiguriert ist, um die Phasen-
verschiebungs-Transformatoranordnung derart zu
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betreiben, dass sich harmonische Stromkomponen-
ten fur jede AC-Phase an den jeweiligen AC-An-
schliissen (38) der AC-Seiten der Wandler (130a,
130b, 230a, 230b, 230c, 230d) fur jede AC-Phase
auf der primaren Seite der Phasenverschiebungs-
Transformatoranordnung gegenseitig aufheben,
und

wobei das Auftreten jeder harmonischen Stromkom-
ponente auf der AC-Seite des entsprechenden
Wandlers (130a, 130b, 230a, 230b, 230c, 230d)
durch den Betrieb der Wellenformsynthetisierer be-
wirkt wird, um die mindestens eine harmonische
Komponente zu injizieren, um die AC-Spannungs-
wellenform am AC-Anschluss (38) des entsprechen-
den Wandlers (130a, 130b, 230a, 230b, 230c, 230d)
zu modulieren.

Parallel geschaltete Wandleranordnung (66, 96)
nach Anspruch 2 oder Anspruch 3, weiter umfassend
eine  Phasenverschiebungs-Transformatoranord-
nung (72, 172), die konfiguriert ist, um die Parallel-
wandleranordnung (66, 96) mit einem AC-Netz (78)
zu verbinden.

Parallel geschaltete Wandleranordnung (66) nach
Anspruch 4, wobei die Vielzahl von Wandlern den
ersten und den zweiten der Wandler (130, 1 ein-
schlief3t

und wobei eine Primarwicklung der Phasenschie-
bungs-Transformatoranordnung (72, 172) konfigu-
riert ist, um mitdem AC-Netz (78) verbunden zu wer-
den, wobei eine sterngeschaltete Sekundarwicklung
der  Phasenverschiebungs-Transformatoranord-
nung (72, 172) mit einem ersten der Wandler ver-
bunden ist,

und eine in deltageschaltete Sekundarwicklung der
Phasenverschiebungs-Transformatoranordnung
(72, 172) mit einem zweiten der Wandler verbunden
ist.

Parallel geschaltete Wandleranordnung (96) nach
Anspruch 4, wobei die Vielzahl von Wandlern den
ersten, den zweiten, einen dritten und einen vierten
Wandler (230a, 230b, 230c, 230d) einschlief3t, wo-
bei die Primarwicklung der Phasenverschiebungs-
Transformatoranordnung (72, 172) konfiguriert ist,
um mitdem AC-Netz (78) verbunden zu werden, wo-
bei eine erste zickzackgeschaltete Sekundarwick-
lung der Phasenverschiebungs-Transformatoran-
ordnung (72, 172) mit dem ersten Wandler verbun-
den ist,

wobei eine sterngeschaltete Sekundarwicklung der
Phasenschiebungs-Transformatoranordnung (72,
172) mit dem zweiten Wandler verbunden ist, eine
dritte zickzackgeschaltete Sekundarwicklung der
Phasenverschiebungs-Transformatoranordnung
(72, 172) mit dem dritten Wandler verbunden ist und
eine vierte deltageschaltete Sekundarwicklung der
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Phasenverschiebungs-Transformatoranordnung
(72, 172) mit dem vierten Wandler verbunden ist.

Parallel geschaltete Wandleranordnung (96) nach
einem der vorstehenden Anspriiche, wobei die min-
destens eine harmonische Komponente eine unge-
radzahlige und nicht dreifache harmonische Kom-
ponente ist.

Parallel geschaltete Wandleranordnung (96) nach
einem der vorstehenden Anspriiche, wobei die min-
destens eine harmonische Komponente aus einer
Gruppe ausgewahlt ist, die 5., 7., 11, 13, 17., 19.
und 23. harmonische Komponenten einschlief3t.

Parallel geschaltete Wandleranordnung (96) nach
einem der vorstehenden Anspriiche, wobei die oder
jede harmonische Komponente eine harmonische
Spannungskomponente oder eine harmonische
Stromkomponente ist.

Parallel geschaltete Wandleranordnung (96) nach
einem der vorstehenden Anspriiche, wobei der
Wandler (30, 130a, 130b) eine Vielzahl von Wand-
lergliedern (36) einschliel3t, wobei sich jedes Wand-
lerglied (36) zwischen den DC-Anschlissen (32, 34)
erstreckt, wobeider AC-Anschluss (38) jedes Wand-
lerglieds (36) im Gebrauch mit einer jeweiligen Pha-
se einer mehrphasigen AC-Spannung verbunden
werden kann.

Parallel geschaltete Wandleranordnung (96) nach
einem der vorstehenden Anspriiche, wobei jeder
Wellenformsynthetisierer ein Kettengliedwandler
(46) ist oder diesen einschlief3t.

Parallel geschaltete Wandleranordnung (96) nach
Anspruch 11, wobei jeder Kettengliedwandler (46)
mindestens ein erstes Modul (48a) einschliel3t, wo-
bei das oder jedes erste Modul (48a) mindestens ein
Schaltelement (50) und mindestens eine Energie-
speichervorrichtung (52) einschlielt, wobei das oder
jedes Schaltelement (50) und die oder jede Energie-
speichervorrichtung (52) in dem oder jedem ersten
Modul (48a) konfiguriert sind, um selektiv eine uni-
direktionale Spannungsquelle bereitzustellen.

Parallel geschaltete Wandleranordnung (96) nach
Anspruch 12, wobei jeder Kettengliedwandler (46)
weiter mindestens ein zweites Modul (48b) ein-
schlief3t, wobei das oder jedes zweite Modul (48b)
mindestens ein Schaltelement (50) und mindestens
eine Energiespeichervorrichtung (52) einschlieft,
wobei das oder jedes Schaltelement (50) und die
oder jede Energiespeichervorrichtung (52) in dem
oder jedem zweiten Modul (48b) konfiguriert sind,
um selektiv eine bidirektionale Spannungsquelle be-
reitzustellen.
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14. Parallel geschaltete Wandleranordnung (96) nach

einem dervorstehenden Anspriiche, wobei die Steu-
erung (56) weiter programmiert ist, um selektiv die
Wellenformsynthetisierer zu betreiben, um eine oder
mehrere dreifache harmonische Komponenten der
Nullphasensequenz zu injizieren, um die AC-Span-
nungwellenform am AC-Anschluss (38) zu modulie-
ren, so dass die Spitzenspannung der modulierten
AC-Spannungswellenform (60) in ihrer Grof3e nied-
riger als die Spitzenspannung der Grundkomponen-
te (58) der AC-Wellenform ist.

Revendications

1.

Ensemble de convertisseurs connectés en paralléle
(66, 96) comprenant une pluralité de convertisseurs
(30, 130a, 130b, 230a, 230b, 230c, 230d), dans le-
quel un premier des convertisseurs (30, 130a, 130b,
230a, 230b, 230c, 230d) comprend :

des premiere et seconde bornes CC (32, 34)
connectables a un réseau CC (40), le premier
des convertisseurs (30, 130a, 130b) incluant un
membre de convertisseur (36) s’étendant entre
les bornes CC (32, 34), le membre de conver-
tisseur (36) incluant des premiére et seconde
parties de membre séparées par une borne CA
(38), la borne CA (38) étant connectable a un
réseau CA (78), chaque partie de membre in-
cluant au moins un commutateur directeur (44)
connecté en série a un synthétiseur de forme
d’'onde (46) entre la borne CA (38) et une borne
respective des premiére et seconde bornes CC
(32, 34), les synthétiseurs de forme d’onde étant
utilisables pour commander la modulation d’'une
forme d’onde de tension CA au niveau de la bor-
ne CA (38), chaque commutateur directeur (44)
étant utilisable pour mettre le synthétiseur de
forme d’onde respectif en et hors circuit entre la
borne CC (32, 34) respective etlaborne CA (38),
et

un dispositif de commande (56) programmeé
pour commander sélectivement la commutation
des commutateurs directeurs (44) pour mettre
les deux parties de membre en circuit simulta-
nément pour former un trajet de conduction de
courant entre les bornes CC (32, 34), le trajet
de conduction de courant étant configuré pour
transporter un courant pour présentation au ré-
seau CC (40),

dans lequel le dispositif de commande (56) est
programmé pour faire fonctionner sélective-
ment les synthétiseurs de forme d’onde pour in-
jecter au moins une composante harmonique
pour moduler la forme d’onde de tension CA au
niveau de laborne CA (38) de sorte que pendant
la formation du trajet de conduction de courant,
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la grandeur de la forme d’onde de tension CA
modulée (60) soit inférieure a la grandeur de la
composante fondamentale (58) de la forme
d’onde de tension CA, et dans lequel I'au moins
une composante harmonique est une compo-
sante harmonique pas de rang trois,

un second des convertisseurs étant configuré
pour synthétiser une forme d’'onde, quilorsqu’el-
le est combinée dans un agencement de trans-
formateur déphaseur (72, 172) avec la forme
d’onde du premier convertisseur, annule ladite
au moins une composante harmonique, dans
lequel

'ensemble de convertisseurs connectés en pa-
rallele est configuré pour fonctionner avec ledit
agencement de transformateur déphaseur, de
telle sorte que la composante fondamentale (58)
des formes d’onde de tension CA produite en
sortie par lesdits premier et second des conver-
tisseurs est appliquée a un c6té secondaire et
déphasée par ledit agencement de transforma-
teur déphaseur de telle sorte que ladite au moins
une composante harmonique s’annule surle c6-
té primaire dudit agencement de transformateur
déphaseur,

'ensemble de convertisseurs connectés en pa-
rallele (66, 96) incluant des premier et second
moyens de transmission de CC (68, 70), les pre-
mier et second moyens de transmission de CC
(68, 70) incluant respectivement des premiere
et second bornes de réseau CC (74, 76) con-
nectables en utilisation a un réseau CC (40), le
premier moyen de transmission de CC (68) in-
terconnectantles premieres bornes CC (32) des
convertisseurs (130a, 130b, 230a, 230b, 230c,
230d), le second moyen de transmission de CC
(70) interconnectant les secondes bornes CC
(34) des convertisseurs (130a, 130b, 230a,
230b, 230c, 230d).

Ensemble de convertisseurs connectés en paralléle
(66, 96) selon larevendication 1, dans lequel chaque
borne CA (38) du premier des convertisseurs (130a,
130b, 230a, 230b, 230c, 230d) est configurée pour
étre connectée a une borne CA (38) respective, a
savoir une borne de phase CA identique, du second
des convertisseurs, via le c6té secondaire de I'agen-
cement de transformateur déphaseur (72, 172), de
telle sorte que les tensions CA desdites bornes CA
respectives sont mutuellement déphasées sur le co-
té primaire dudit agencement de transformateur dé-
phaseur.

Ensemble de convertisseurs connectés en paralléle
(66, 96) selon la revendication 2, dans lequel I'en-
semble de convertisseurs connectés en paralléle est
configuré pour faire fonctionner I'agencement de
transformateur déphaseur de telle sorte que les com-
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posantes de courant harmoniques apparaissant
pour chaque phase CA au niveau des bornes CA
(38) respectives des c6tés CA des convertisseurs
(130a, 130b, 230a, 230b, 230c, 230d) s’annulent
mutuellement pour chaque phase CA sur le coté pri-
maire dudit agencement de transformateur dépha-
seur, et dans lequel I'apparition de chaque compo-
sante de courant harmonique au niveau du c6té CA
du convertisseur (130a, 130b, 230a, 230b, 230c,
230d) correspondant est causée par le fonctionne-
ment des synthétiseurs de forme d’onde pour injec-
ter 'au moins une composante harmonique pour mo-
duler la forme d’onde de tension CA au niveau de la
borne CA (38) du convertisseur (130a, 130b, 230a,
230b, 230c, 230d) correspondant.

Ensemble de convertisseurs connectés en paralléle
(66, 96) selon la revendication 2 ou la revendication
3, comprenant en outre un agencement de transfor-
mateur déphaseur (72, 172) qui est configuré pour
connecter 'ensemble de convertisseurs en paralléle
(66, 96) a un réseau CA (78).

Ensemble de convertisseurs connectés en paralléle
(66) selon la revendication 4, dans lequel la pluralité
de convertisseurs inclut le premier et le second des
convertisseurs (130, 1, et dans lequel un enroule-
ment primaire de I'agencement de transformateur
déphaseur (72, 172) est configuré pour étre connec-
té au réseau CA (78), un enroulement secondaire
connecté en étoile de 'agencement de transforma-
teur déphaseur (72, 172) est connecté a un premier
des convertisseurs, et un enroulement secondaire
connecté en delta de 'agencement de transforma-
teur déphaseur (72, 172) est connecté a un second
des convertisseurs.

Ensemble de convertisseurs connectés en paralléle
(96) selon la revendication 4, dans lequel la pluralité
de convertisseurs inclut le premier, le deuxiéme, un
troisieme et un quatrieme convertisseur (230a,
230b, 230c, 230d), dans lequel’enroulement primai-
re de 'agencement de transformateur déphaseur
(72, 172) est configuré pour étre connecté au réseau
AC (78), un premier enroulement secondaire con-
necté en zigzag de I'agencement de transformateur
déphaseur (72, 172) est connecté au premier con-
vertisseur, un deuxiéme enroulement secondaire
connecté en étoile de 'agencement de transforma-
teur déphaseur (72, 172) est connecté au deuxieme
convertisseur, un troisitme enroulement secondaire
connecté en zigzag de 'agencement de transforma-
teur déphaseur (72, 172) est connecté au troisieme
convertisseur, et un quatri€me enroulement secon-
daire connecté en delta de 'agencement de trans-
formateur déphaseur (72, 172) est connecté au qua-
trieme convertisseur.
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Ensemble de convertisseurs connectés en série (96)
selon I'une quelconque des revendications précé-
dentes, dans lequel I'au moins une composante har-
monique est une composante harmonique impaire
et pas de rang trois.

Ensemble de convertisseurs connectés en paralléle
(96) selon I'une quelconque des revendications pré-
cédentes, dans lequel I'au moins une composante
harmonique est choisie dans un groupe incluant des
composantes de 5éme 7éme q{{éme {3éme {7eme
198me et 23éme harmonique.

Ensemble de convertisseurs connectés en paralléle
(96) selon I'une quelconque des revendications pré-
cédentes, danslequella ou chaque composante har-
monique est une composante de tension harmoni-
que ou une composante de courant harmonique.

Ensemble de convertisseurs connectés en paralléle
(96) selon I'une quelconque des revendications pré-
cédentes, dans lequel le convertisseur (30, 130a,
130b) inclut une pluralité de membres de convertis-
seur (36), chague membrane de convertisseur (36)
s’étendant entre les bornes CC (32, 34), la borne CA
(38) de chaque membre de convertisseur (36) étant
connectable en utilisation a une phase respective
d’une tension CA multi-phase.

Ensemble de convertisseurs connectés en paralléle
(96) selon I'une quelconque des revendications pré-
cédentes, dans lequel chaque synthétiseur de forme
d’'onde est ou inclut un convertisseur de liaison en
chaine (46).

Ensemble de convertisseurs connectés en paralléle
(96) selon la revendication 11, dans lequel chaque
convertisseur de liaison en chaine (46) inclut au
moins un premier module (48a), le ou chaque pre-
mier module (48a) incluant au moins un élément de
commutation (50) et au moins un dispositif de stoc-
kage d’énergie (52), 'élément ou chaque élément
de commutation (50) et le ou chaque dispositif de
stockage d’énergie (52) dans le ou chaque premier
module (48a) étant configuré pour fournir sélective-
ment une source de tension unidirectionnelle.

Ensemble de convertisseurs connectés en paralléle
(96) selon la revendication 12, dans lequel chaque
convertisseur de liaison de chaine (46) inclut en
outre au moins un second module (48b), le ou cha-
que second module (48b) incluant au moins un élé-
ment de commutation (50) et au moins un dispositif
de stockage d’énergie (52), I'élément ou chaque élé-
ment de commutation (50) et le ou chaque dispositif
de stockage d’énergie (52) dans le ou chaque se-
cond module (48b) étant configuré pour fournir sé-
lectivement une source de tension bidirectionnelle.

10

15

20

25

30

35

40

45

50

55

15

14. Ensemble de convertisseurs connectés en paralléle

(96) selon I'une quelconque des revendications pré-
cédentes, dans lequel le dispositif de commande
(56) est en outre programmé pour faire fonctionner
sélectivement les synthétiseurs de forme d’onde
pour injecter une ou plusieurs composantes harmo-
niques de rang trois de séquence de phase nulle
pour moduler la forme d’onde de tension CA au ni-
veau de la borne CA (38) de sorte que la tension
créte de la forme d’onde de tension CA modulée (60)
soit inférieure en grandeur a la tension créte de la
composante fondamentale (58) de la forme d’onde
de tension CA.
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